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The first record we have of radiation of heat from 
steam pipes is a record of Charles E. Bmory's researches. (A. 


S. M. BE. (1881) ). In this he made an attempt to investigate 


the best lagging for steam pipes. That which would allow the 


least amount of heat to pass through it. He came to many con- 
clusions, some of which were as follows: First. The smaller 
pipes rediated more per square foot than the larger ones. He 
explained this by the fact that the loss due to increase of 
external surface, increases faster than the gain due to addition, 
al thickness of metal. Second. Hair felt is the best material 
to use for lagging. 

His experiments were made by means of an apparatus much 
similar to the one used in the present investigation. The 


r 


principal difference being that Amory used cold water to obtain 
the temperature around the pipes. In the present test, the 
temperature of the room was taken. 

Almost every year some one made some sort of an in- 
vestigation regarding steam pipes and their coverings. In 


1888 Joule put forth the following: His research was, however, 


more in the line of condenser work. First. The resistance to 


conductivity of heat is due to the film of water on each surface 


and is independent of the kind or thickness of metal used. 
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Second. The } es directly with the difference 
of temperature. 

In 1891 Robert H. Thurston wrote an article on heat 
radiation as applied to the Steam Jacket. This, however, 
bears but slightly on the present ‘iaepeben tenn) th 508 
Charles L. Morton wrote an article on the protection of steam 
1eated surfaces. (A. S. M. EB. (1898) ). 

The object of this Thesis is to investigate the radia- 
tion of heat from steam pipes, and to determine upon what it 
depends; First. Regarding diameter of pipe. Second. 
ness of metal. 

The apparatus used was a system od piping shown in 
the isometric drawing, page 4. The steam enters from the 
supply through pipe A. From there it has free passage to all 
other sections of pipe in the system. The pipes being tested 
were placed in the position of pipes B, C & D. The joints at 

"a the end of these pipes, which were just. twelve feet long, 


were made with 6" flanges with asbestos rope gaskets. The 


pipes were all supported at their ends in one plane, which 
tilted toward the end connection E. This was done so that the 
condensed steam would run in that direction. he end connec- 
tions consist of sa drip-pot for collecting the water. These 
drip-pots were provided with water gauges. The drip-pot F is 
used to collect the steam which condenses in that portion of 
the apparatus. Gis the highest point so that all the condensed 
steam would run either way from that point. H is the steam 
SAUEE e 

Steam under pressure was led to the system of pipes and 
F was kept half full of water, so that, although the steam was 
probably slightly superheated coming through the valve in A, 
it was always in the presence of water, hence considered to be 
dry saturated steam. 

The drip-pots were then allowed to fill up to a mark on 
the water gauge which was made by tying a piece of thread 
tightly around the glass near the bottom. At a certain time 
the water was drawn off to the mark. Then as soon as the drip- 
pots had filled up they were egain emptied to the mark and the 


time noted. Not the weight of the water which was drawn off in 
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the second instance was exactly equal to the weight of steam 


|| 

| which had condensed in the combination during that time. from 
this data, knowing the temperature of the water drawn off, 

we can find the amount of heat which was radiated by each pipe. 
The pipes were then removed by disconnecting the flanges 
| 

and coupling the end connections directly to the back end of 
the apparatus. The same experiemnt was then repeated. Thus 
| the radiated heat for the end connections was determined. Fron 
| this we may compute the heat radiated by the pipe alone. 
The pipes to be tested were numbered from 1 to 6 in- 


elusive. The subscripts denoting the number of experiment. 
The lengths of all the pipes were 12' and the flanges were 
6" outside diameter and 0.5" thick. The remaining cata for 


the pipes will be found in a table on page 36. 

It will be seen that the outside diameters vary from 
1.3125" to 2.37". The inside diameters vary from 0.702" to 
2.06". The thickness of metal varies from 0.135" to 0.505". 

The steam, as it entered the system, contained heat 
equal to qpxr. As it was dry saturated steam, because of the 


ro method of connecting the steam pipes, x equals 1. qtr orA 
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is therefore the heat supplied. Now when the steam condensed, 


it lost all of the latent heat (r), and a portion of the heat 
of the liquid (q). The remaining heat was determined by having 
a certain weight (W) of water in a bucket at a certain temper- 
ature and allowing the hot water to be drawn off under the cold 
water. The temperature of the mixture was noted and also the 
added weight. 

Let gwheat in one pound of water in bucket at the temp. t 

where q is the heat of the liquid. 
q,= heat in one pound of water after condensed steam was 


added, temperature tt. 


pee 


q,mheat in one pound of condensed steam in drip-pot. 
Wq = heat first in bucket. 
wq,= heat added. Then 
Watwq,= (W+w)q, 
That is, the sums of the heat at the different temperatures 
equal the heat which was in the water after it had arrived at 
& common temperature. To bring them to a common temperature 


they were thoroughly mixed together. In this equation we know 


all but wqy which may be easily determined. 


wa, = (Wr w)q, — Wq 


Now wq, is the amount of heat in steam which did not 
radiate. So the heat radiated equals 
WA = wa, =w(A~q,) 


Knowing the time required for the weight w to condense 


and the mean pressure during that time, the British Thermal 


Units per hour for each pipe was determined as follows 


Where t equals time and seconds. 


The pipes were of a size which would radiate about 
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5000 to 8000 B. T. U. per hour and consequently the ca 
tions had to be true to the fourth significant figure. Five 
placed logarithims were used without interpolation giving the 
required four places. 
SAMPLE CALCULATION. 
Pipe #] experiment #7. The time in seconds was 

found to be 635, by substrecting 1 hr. 28 min. 50 sec. from 
1 hr. 39 min. 25 sec. The pressure was determined by taking 


| the mean of all the pressures read during that time and found 


to be 98.2 lbs. per square inch by the gauge. This was correc- 


ted from the Steam Gauge callibration curve to 93.9. Then it 


was reduced to absolute pressure by adding 14.7 lbs. making it 
108.6 lbs. per square inch absolute. The heat per pound sup-= 
plied corresponding to that pressure was found from ee 
Steam Tables to be 1184 B. T. Ue This was multiplied by 1.0781 
lbs. (w) and the total supplied in 635 sec. obtained. This 
equals 1277 B. T. U. 

The heat drawn off with the condensed steam was found by 
the method of mixtures. The water in the bucket was weighed 
and found to be 18 lbs. 4 0z., at a temperature of 88°F. The 
heat of the liquid, at that temperature, was found from the 
tables to be 56.05 and this multiplied by the weight equals 


1023, the heat in the bucket. Then the condensed water was 


bo 
cy 
i 
Nw 
5 
oF 


added and the total weight found to be 19 lbs. 5e2 
the temperature 99°F, Now the weight of the water added Was 
found by substracting the second weight from the first. 19 lbs. 
5.25 oz. minus 18 lbs. 4 oz. equals 1.0781 lbs. (w). The 


difference in the heat in the bucket at first and afterward 


was evidently equal to the heat in the condensed steam. This 


equals 1295 minus 1023 equals 272 8. T. U. The total heat 


supplied minus this difference gives the heat radiated. 1277 


minus 272 equals 1005. Dividing this by the time in seconds 
and multiplying by 3600 gives the radiation in B. T. U. per 
hour- 1005 x 3600/635 = 5698 

An attempt was made during the colder part of the 
winter, to increase the difference of temperature to 260 I. 
in the place of 235 F. This was unsuccessful, however, for 
the results varied so much that no conclusions could be arrived 
ate 

CONCLUSIONS. 

From the table of final results it will be seen 
that the diameter of the pipe has very little effect upon the 
amount of heat radiated per hour per square foot of outside 
surface. For instance, looking at pipes 75 & 6. These have 
the same thickness but are of different diameters. The varia- 
tion in radiation is but 1.48 per cent. The smaller pipe 
radiating more per square foot of outside surface per hour. 


The thickness of metal also, has practically no effect 


upon the radiation. Consider first pipes ;-l, 2 & 3. These 


are of the same diameter but #5 is of the thickest metal. 
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Pipe #1 being the thinest. This pipe radiates an amount of 
heat in B. T. U. per hour per square foot of outside surface 
which is less than that radiated by j3 and more than ve. This 
shows that, within certain limits, the thickness of metal has 


no effect upon the radiation of heat. 


|| Also pipes #4 & 5 have the same diameter. The variation 
| of heat radiated per hour per square foot of cutside surface is 


but 2.87 per cent. 
In the table of final results may be found a list 
i of the inside surface of the pipes. Also the number of 


British Thermal Units radiated per hour per square foot of 


inside surface. It will be seen that these results follow no 
law and hence it may be assumed that the outside of the pip 
| should be considered as the radiating surface. 

An attempt was made to keep the temperature of the 
room constant at 90°F. On some days the windows of the room 
had to be kept shut in order to keep the temperature up to that 


point. On these days the variation in results was small as 


there were practically no drafts in the room. Pipes -l, 223 


were tested under those circumstances. 
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By the time pipes #4, 5 & 6 were ready for testing the 
temperature of the outside air had gone up considerably and 
in order to keep the temperature of the room down to 90S. 
all the windows had to be opened. Consequently there was a 
esreat deal of draft in the room. Looking down the results 
they will be seen to vary slightly more than those of the first 
three pipes tested. 

The result of this observation gives 821 B. T. U. 
as a mean value for the radiation per square foot of outside 
-o 


surface per hour at a difference of temperature of 235 F. 


Carpenter gives 700 for this value under the same conditions. 
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